Introduction
Chlamydotis undulata undulata is one of three subspecies of the Houbara bustard, whose natural habitat lies from Mauritania to Egypt in North Africa. Habitat degradation, over-grazing by domestic animais and hunting have all played a significant role in the reduction of Houbara bustards (Collar, 1980 (CITES, 1997) . It has also been classified as 'vulnerable' in the World Conservation Union's Red List of Threatened Animals (IUCN, 1994) . Therefore, attempts have been made to breed Houbara in captivity by natural mating (Mendlessohn et al, 1979) and, more successfully, by artificial insemination (Saint Jaime et al., 1994 Measurements of the size of the nucleus in spermatozoa from each of three ejaculates from four males were also tested to determine whether they were normally distributed (Table 1) . This was shown to be the case in all but two samples (bird B: 9/5, bird H: 10/5; Table 1 ) and enabled calculation of the proportion of spermatozoa outside of (greater than) this distribution. Since facilities for estimating the proportion of large spermatozoa by image analysis were not available for all samples, the effectiveness of subjectively identifying large sperm nuclei was tested in the same samples. The percentage of large nuclei estimated subjectively and those estimated objectively by image analysis in these samples is shown (Fig. 3) . Although the objective estimations were generally higher than the subjective values, the results of the two methods showed a significant positive correlation (Fig. 3) .
The proportion of spermatozoa with large nuclei in ejaculates from individual males did not vary significantly with time (each > 0.05) throughout the breeding season and the mean proportion per ejaculate is shown ( Table 2 ). The mean proportions ranged between 5 and 40% and the differences among males were highly significant (F(8, 93 The ability of inseminated spermatozoa to be transported and stored within the oviduct was assessed by examining the size of the nucleus in spermatozoa that were trapped in the outer perivitelline layer of eggs laid (Fig. 4) . The size distribution of nuclei in spermatozoa in dried smears of semen (from one male) before insemination and the size of DAPI-stained sperm nuclei trapped in the perivitelline layer of an egg laid by a hen inseminated with semen from the same male are shown (Fig. 5) organelles and large heads (Lin et al, 1995a) and the ZZZ males, in which spermatogenesis was less severely affected (Lin et al, 1995a) , produced presumed diploid spermatozoa with heads that were 1.4-fold larger than haploid spermatozoa from normal ZZ males (Lin et al, 1995b) .
Production of giant spermatozoa in dove-pigeon hybrids may also be the result of inappropriate chromosomal segregation (Smith, 1912 triploidy in domestic fowl is associated with intersexuality (Fechheimer, 1981) and intersexuality is widespread in sexually dimorphic species of bird (Taber, 1964 development of the embryo, so it is fortunate that few diploid spermatozoa reach the site of fertilization (Mortimer, 1977 (Mortimer, ,1979 . In birds, polyspermy is normal and at least tens, and perhaps hundreds, of spermatozoa penetrate the germinal disc (Perry, 1987; Wishart, 1997) . In the present study, significant numbers of spermatozoa with large nuclei were capable of reaching the site of fertilization, as indicated by the spermatozoa observed in the outer perivitelline layer of eggs laid. Since these spermatozoa are motile and have normal acrosomes, it is likely that they would be able to penetrate the inner perivitelline layer (Robertson et al, 1997 
